O UR current major invertebrate models for research on the biology of aging, the worm, Caenorhabditis elegans , and the fruit fl y, Drosophila melanogaster , have been, and will continue to be, major sources of insight for the fi eld. However, these models have certain shortcomings that make the development of additional invertebrate models worthwhile. Foremost among these shortcomings is that worms and fl ies belong to the same superphylum, the Ecdysozoa, and both species have undergone extensive gene loss since their divergence from their common ancestor with humans ( Figure 1 ). This is clearly shown by the discovery that more than 10% of the genes identifi ed in a more distantly related phylum, the Cnidaria, have clear human homologs, which are not found in worm or fl y genomes ( 1 ) . Thus, there remains a substantial genomic universe of potential relevance to humans that has not yet been screened for longevity genes. Both the Cnidaria and the Lophotrochozoa, which also share unique genetic orthologues with humans, offer potentially rewarding model species. Second, worms and fl ies both have limited (or no) somatic cell division in adulthood and have virtually no regenerative potential. Third, both worms and fl ies use special nonaging life history stages in times of environmental stress (dauer in worms, reproductive diapause in fl ies), which may be partially induced by genetic or environmental manipulations that extend life ( 2 , 3 ) . Humans have no apparent equivalent of these stages, and it would be unfortunate if successes in extending life in these model species were due to a phenomenon not reproducible in humans. Additional invertebrate models with proliferating cells in the adult as well as extensive regenerative potential might be informative for learning how to manage the perils of lifelong cell division, coupled with the potential for tissue regeneration.
To be most useful in screening for new genes, prospective new invertebrate models would ideally possess three features: (i) the ability to be mass cultured in the laboratory, (ii) reasonably short life span, and (iii) tractable genetics. It is important that large numbers of healthy individuals can be produced and maintained, so that life span studies of a large number of mutants is possible. Other things being equal, the shorter the life span, the better, although as with any aging study, it is important that the animals in the study be healthy, that is, not short lived because their laboratory husbandry is so poor that they are unhealthy throughout their short lives. Finally, tractable genetics makes mutant screening possible and implies that manipulation of gene expression will be reasonably straightforward. Clearly, species that combine all these features at present would likely already be used extensively in aging research, so we focused our attention on species that appear to possess two of the three (mass culturing, short life span), with indications that tractable genetics might be fairly easily developed.
Given this background, we believe that the following animals bear consideration for development as new invertebrate models for aging research.
Hydras
Hydras are small ( ~ 1 -3 mm), solitary cnidarian polyps typically found on the underside of aquatic vegetation in freshwater pools and streams. There are 16 species in North America. Among the simplest of multicellular animals, hydras basically consist of a stalk containing a gastric cavity with tentacles around the opening. They have only two germ layers, ectoderm and endoderm, with an acellular mesoglea in between. They lack traditional organs composed of multiple tissue types but do have a diffuse nervous system. Most reproduction is by asexual budding, although certain environmental conditions lead to sexual reproduction. Hydras have several continually active stem cell lineages, as defi ned by self-renewing cell populations that produce differentiated descendants and have virtually unlimited regenerative potential ( 4 ) . Hydras regenerate completely when cut into multiple pieces, and even when disaggregated ( 5 ) .
Hydra vulgaris has previously been described to lack senescence as measured by a lack of increasing age-specifi c mortality rate over at least 4 years, although there was a suggestion of declining reproductive rate over this time period 
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193 ( 6 ) . However, other hydra species do show increasing mortality with age when induced to undergo sexual differentiation, surviving for 4 months on average, and showing deterioration in multiple physiological functions ( 7 ). Thus, we have the intriguing phenomenon that aging and its absence can potentially both be observed in the same species. Although Hydra genetics has not to date been extensively developed, a draft genome sequence is in process for one species ( Hydra magnipapillata ), and transgenic animals have now been produced by injecting a plasmid encoding green fl uorescent protein into oocytes ( 8 ) . Gene silencing by feeding with bacteria producing double-stranded RNA (dsRNA) has also been effectively used ( 9 ) . Thus, this group of animals seems poised for more extensive development.
Planaria
Planaria are freshwater fl atworms (phylum: Platyhelminthes) ranging from about 3 to 12 mm in length, which have been the focus of interest to regeneration biologists for centuries. Morphologically, planaria have a well-defi ned head with bilobed brain ganglia and several sensory organs for detection of light, chemosensation, and water fl ow, mostly in the head area. They also have distinct digestive and excretory systems ( 10 ) .
Planarians are the only bilaterally symmetrical animals with the ability to regenerate a complete body and all organs from an excised fragment of as little as 1/297th of the original animal. This remarkable regenerative ability is principally due to a stable population of totipotent stem cells -the neoblasts -which compose 20% -30% of the total cell number of the adult planarian ( 10 ) . Although asexually reproducing planarian phases are hypothesized to be immortal, detailed studies of individual animals or segments has not yet been performed. Certainly some species, such as Planaria velata , are known to undergo rapid senescence over a 1-to 2-month period, as shown by reduced feeling and movement, as well as disintegration of head, eyes, and pharynx ( 11 ) .
A handful of planarian species have been adopted for laboratory studies, and it is from these species that models for aging research are most likely to be drawn. One likely candidate is Schmidtea mediterranea . It is easily cultured; reproduces copiously; possesses enormous regenerative abilities; and has a small, stable diploid genome (4.8 × 10 8 base pairs) that is currently being sequenced ( 10 ) . Clonal lineages can easily be established, facilitating consistent genetic backgrounds for aging studies. Both sexual and asexual strains of S. mediterranea are available. A comprehensive genome database analogous to WormBase and FlyBase (SmedGD found at http://smedgd.neuro.utah.edu/ ) is now available. At present, this database provides an array of bioinformatic tools to support more than 900 Mb of sequence and 78,000 expressed sequence tags (ESTs) ( 12 ) . A full range of molecular genetic tools is available for planarians, including RNA interference (RNAi) gene knockdown by injection, soaking or feeding of dsRNA, and transgenesis using transposons ( 13 , 14 ) . Because the focus of planarian research has been historically dominated by interest in regeneration, ample opportunities for genetic insight into aging have been heretofore overlooked.
Rotifers
Besides the planarians, a second group of Lophotrochozoans potentially rewarding for aging research is the rotifers. Rotifers are small microscopic or near microscopic (0.1 -0.5 mm) bilaterally symmetrical animals that are ubiquitous in small permanent or ephemeral bodies of freshwater (although some species occur in saltwater) or attach to the thin aquatic fi lm on moss or lichens on tree trunks, bird baths, or rain gutters. Their name derives from the unique ciliated corona surrounding their oral cavity with which they sweep in food. Most species are transparent, although some are vividly colored. Rotifers have complete digestive and excretory systems; a bilobed brain; and an extensive system of sensory apparati, including photo, sensory, and tactile receptors. Like C. elegans , a number of species display the trait of eutely, the invariance of adult somatic cell number.
More than 2,000 species of rotifers have been described. They are commonly used for ecotoxicology studies and have been widely cultured as a food source for larval fi shes. Therefore, techniques for laboratory mass culture are well developed. The two most widely known features of rotifer biology are that one class, the bdelloids, display exceptional resistance to desiccation and has apparently survived for 100 million years without sex. Reproduction in asexual species occurs via unfertilized eggs. A number of species of the largest class of rotifers, the monogonta, reproduce both sexually and asexually.
For aging research, rotifers have several advantages and have been previously used for aging studies on the effects of reproduction, maternal age, and dietary restriction on longevity ( 15 , 16 ) . First and foremost, rotifers are extremely AUSTAD 194 short lived, with mean longevities of a few days to a few weeks depending on species ( 16 ), and they can be raised in enormous numbers, facilitating refi ned demographic analysis. Genetic manipulations of rotifers via RNAi or any type of transgenesis have not yet been reported.
Several species seem particularly promising for aging research because they are easily cultured and there is considerable background information on their biology. Brachionus plicatilis , a monogonant species, lives about 2 weeks on average, eats algae, and is cyclically parthenogenetic ( 16 -18 ) . This species is among the best studied of rotifers, having been used as a model system for investigations of population dynamics speciation, the evolution of sex, and ecotoxicology. Although the genome has not yet been sequenced, a complementary DNA library has been constructed and more than 2,300 ESTs have been partially sequenced. Two bdelloid species, Philodina roseola and Adineta vaga , have been the subject of recent studies into their exceptional resistance to radiation that suggests extraordinary DNA repair capacity ( 18 ) . These species live several weeks (M. Meselson, PhD, personal communication ); Fosmid libraries exist for these species, which have a genome about the same size as those of C. elegans and D. melanogaster ( 18 ) . Because of their obligate asexual reproductive mode, the bdelloid rotifers seem particularly useful for mutagenesis screening for longevity mutants because each individual becomes a unique genetic clone.
The two large groups of species discussed above, the Cnidaria and the Lophotrochozoa, offer the most attractive and as yet unexplored targets for discovery of new genes modulating aging; however, they by no means exhaust the universe of potentially informative new invertebrate models. For instance, there are several groups of invertebrate Chordates, the phylum within which vertebrates are placed, that may warrant consideration because of their close relationship to vertebrates. In particular, laboratory cultures of amphioxus of the genus Branchistoma , a 5-cm Protochordate, have recently been established ( 20 , 21 ) and the genome of one species ( Branchistoma fl oridae ) has been completely sequenced ( 20 ) . The major drawbacks of amphioxus are that information about its longevity is rudimentary and careful demographic studies would need to be performed before its utility could become fi rmly established. Sea squirts are another potential model. A close vertebrate relative, Ciona intestinalis also has a complete genome sequence, and gene expression can be readily manipulated during development and presumably also in adulthood. A potential drawback of C. intestinalis is that it appears to live 1 -2 years, which is considerably longer than is convenient for a nonvertebrate model.
